Indoor air pollution associated with combustion of solid fuels seems to be a major contributor to the national burden of disease in India, but relatively few quantitative exposure assessment studies are available. This study quantified the daily average concentrations of respirable particulates (50% cut-off at 4 mm) in 412 rural homes selected through stratified random sampling from three districts of Andhra Pradesh, India and recorded time activity data from 1400 individuals to reconstruct 24-h average exposures. The mean 24-h average concentrations ranged from 73 to 732 mg/m 3 in gas-versus solid fuel-using households, respectively. Concentrations were significantly correlated with fuel type, kitchen type, and fuel quantity. The mean 24-h average exposures ranged from 80 to 573 mg/m 3 . Among solid fuel users, the mean 24-h average exposures were the highest for women cooks and were significantly different from men and children. Among women, exposures were the highest in the age group of 15-40 years (most likely to be involved in cooking or helping in cooking), while among men, exposures were highest in the age group of 65-80 years (most likely to be indoors). The data are being used to develop a model to predict quantitative categories of population exposure based on survey information on housing and fuel characteristics. This would facilitate the development of a regional exposure database and enable better estimation of health risks.
Introduction
Indoor air quality and indoor air pollutants are now recognized as a potential source of health risks to exposed populations throughout the world. There is also increasing recognition that indoor air quality problems are strikingly different between developed and developing nations. The most significant issue that concerns indoor air quality in household environments of developing countries is that of exposure to emissions from combustion of fuels, particularly those used for cooking and heating. The use of open fires with simple solid fuels, biomass or coal, for cooking and heating exposes an estimated 2 billion people (Barnes et al., 1994; Reddy et al., 1996) in the world to enhanced concentrations of particulate matter and gases, up to 10-20 times higher than typical urban outdoor concentrations (WHO, 1999) . Although biomass makes up only 10-15% of total human fuel use, since nearly half the world's population cooks and heats their homes with biomass fuels, indoor exposures likely exceed outdoor exposures to some major pollutants on a global scale. The use of traditional biomass fuels F fuelwood, dung, and crop residues F is widespread in rural India. According to the 55th round of the National Sample Survey conducted in 1999-2000 and covering 120,000 households, 86% of rural households and 24% of urban households rely on biomass as their primary cooking fuel (NSS, 2000) .
While it has been known that as per capita incomes increase, households generally switch to cleaner, more efficient energy systems for their domestic energy needs (i.e. move up the ''energy ladder '' 2 ); in localized situations, however, the picture is often complex. In many rural areas, households often employ a ''multiple model'' of stove and energy use in which households stretch across two or more steps of the energy ladder and fuel substitution is often not complete or unidirectional (Masera et al., 2000; Smith et al., 2000) . Given the widespread prevalence of solid fuel use, the slow pace and unreliability of ''natural'' conversion to cleaner fuels in many areas, and the emerging scientific evidence of health impacts associated with exposures to emissions from solid fuel use, indoor air pollution issues in rural households of developing countries are of tremendous immediate significance from the standpoint of finding ways to improve population health.
Burning biomass in traditional stoves, open-fire threestone ''stoves'', or other stoves of low efficiency, and often with little ventilation emits smoke containing large quantities of harmful pollutants (Cooper, 1980; Smith, 1987, Smith and Liu, 1994) with serious health consequences for those exposed, especially women involved in cooking and young children spending time around their mother (recent reviews may be found in Smith et al., 2000; Bruce et al., 2000) . Recent studies have shown strong associations between biomass fuel combustion and increased incidence of chronic bronchitis in women and acute respiratory infections in children (Armstrong and Campbell, 1991; Bruce et al., 1998; Ezzati and Kammen, 2001) . Many recent studies have also been conducted in rural Indian villages (Behera et al., 1991; Smith 1993; Awasthi et al., 1996; Mishra and Retherford 1997) . A recent study characterized the exposure -response relationship between biomass smoke exposure and acute respiratory infection in rural Kenyan households (Ezzati and Kammen, 2001) .
Assessments of the burden of disease attributable to use of solid fuel use in India have put the figure at 4-6% of the national burden of disease (Smith, 2000; Smith and Mehta, 2003) . These estimates, prepared solely on the basis of risks derived from developing-country studies, indicate that up to 444,000 premature deaths in children under 5 years, 34,000 deaths from chronic respiratory disease in women, and 800 cases of lung cancer may be attributable to solid fuel use. A more recent and thorough analysis using the same methodology, but carried out as part of the large WHO-managed Global Comparative Risk Assessment (CRA) studies (Smith et al., 2004) , has reduced these estimates slightly, but they lie in the same range.
Despite strong epidemiological evidence, relatively few studies have been carried out to determine people's exposures in these settings. In some of the earliest studies to determine levels of indoor air pollutants associated with biomass combustion, concentrations of total suspended particulates (TSP) in the range of 200-30,000 mg/m 3 , and carbon monoxide concentrations between 10 and 500 ppm have been reported during the cooking period (Aggarwal et al., 1982; Smith et al., 1983; Reid et al., 1986; Pandey et al., 1990; Ellegard, 1996) . Some 12-24 h determinations of respirable particulate concentrations have also been carried out, reporting 24-h means in the range of 300-3000 mg/m 3 (Saksena et al., 1992; McCracken and Smith, 1998) . More recently, systematic, large-scale 24-h measurements of respirable particulates have been reported (Ezzati et al., 2000; Albalak et al., 2001; Parikh et al., 2001; Balakrishnan et al., 2002) .
Although these efforts have convincingly shown that indoor pollution levels (as estimated using respirable particulates as an indicator pollutant) can be quite high compared to health-based standards and guidelines, they do not allow us to estimate exposure distributions over wide areas even within India. The influence of multiple household variables such as the type of fuel, location of kitchen, and type of stove on actual exposures is still poorly understood, resulting in considerable ambiguity in understanding the exposure-response relationship. Determination of 24-h averages for various household microenvironments (such as the kitchen or living locations) together with detailed time activity records of individual members, the so-called indirect approach to exposure estimation, allows one to reconstruct 24-h exposures, probably the best single metric for assessment of health impacts. Determination of 24-h area concentrations for respirable particulates also allows one to draw comparison to health-based standards that are available for outdoor settings for instance. These kinds of measurements have been thus far attempted in few published studies. Further, many past Indian studies have been carried out in the west or north, leaving out the large populations in the east and south. In particular, there are substantial climatic and sociocultural differences between the northern and southern regions, including different food habits and the use of these fuels for heating, which could have an important bearing on household exposures. Given that sociocultural, housing, and climatic conditions affecting indoor concentrations vary considerably across the country, there is a need to collect this information on a regional basis.
Finally, the relatively robust body of evidence from exposure and health effects studies available for outdoor air pollution has been a major driving force for policy initiatives to manage outdoor air pollutants at levels unlikely to cause significant health damage, and there is a need to expand the evidence base for indoor air pollution in developing country settings to facilitate similar environmental health management initiatives.
Based on this rationale, the present study was designed to collect better and systematic quantitative information about actual levels of exposure to indoor air pollution experienced by rural districts of Andhra Pradesh in Southern India (using respirable particulates as the indicator pollutant) and to identify key household level determinants of this exposure.
Methods

Selection of Study Households
Households were selected from three districts (the next smaller administrative unit below state) F Nizamabad, Warangal, and Rangareddy, on the basis of geographic spread within the Telangana region of the state of Andhra Pradesh in Southern India. In all, 450 households (150 in each district) were selected following a three-stage clustersampling method as follows:
A. selection of mandals 3 as first-stage sampling unit (five from each district), B. selection of habitations as second-stage sampling unit (one from each mandal), C. selection of households as third-stage sampling unit (30 from each habitation).
Within each district, mandals were ranked in the order of the highest prevalence of clean fuel use (Census of India 1991). Mandals with less than 2% prevalence of clean fuel use were excluded (to ensure inclusion of sufficient number of clean fuel-using households for monitoring). From the remainder, five mandals were selected using probability proportionate to size criteria. Within each mandal, habitations with less than a population of 2000 were excluded (assuming that habitations having populations above 2000 were more likely to yield sufficient households that will meet each of the categories of kitchen and fuel types to fill clusters as defined for the third stage of sampling). Among the rest, the habitation was randomly selected (using a random number-generating tool in Microsoft Excel).
Past experience (Balakrishnan et al., 2002) in Tamil Nadu, an adjoining state in Southern India had shown that within households using solid fuels, exposures to indoor air pollution from solid fuel use vary according to kitchen type. The type of kitchen has not been shown to influence exposures in households using clean fuels. Therefore, it was decided that each habitation should include a cluster of households using biomass fuels in each of the common kitchen types given below, as well as households using clean fuels.
Four common kitchen types were identified in the study region: a separate enclosed indoor kitchen with partition, an enclosed indoor kitchen with no partition, a separate enclosed outdoor kitchen, and an open outdoor kitchen (i.e. open air cooking). A schematic diagram of these kitchen types is given in Figure 1 . 4 The sample from each habitation included a cluster of 30 households (six households using biomass fuels in each of the four kitchen types described above, as well as six households using clean fuels, for a total of 30 households). Household selection was thus carried out purposively, to yield a cluster at the habitation level that would include various combinations of kitchen and fuel types. Clustering was necessary to use efficiently the available equipment, transport facilities, and the field team's time.
The sampling protocol for selecting 30 households that satisfied the desired criteria involved visiting every fourth household, starting from the center of a habitation. However, technical constraints in the field resulted in only 420 households being selected for pollution monitoring, as against a planned target of 450 and valid measurements, were eventually obtained in 412 households during the period January to May, 2001.
Monitoring for Respirable Particulates
About 8-10 households were monitored in a day resulting in each habitation being monitored within 3-4 days. Consents to monitor were usually obtained from an adult household member the previous day, by the survey team. Village volunteers were instrumental in obtaining cooperation from household members for the placement of samplers.
Low-volume samplers were placed at the kitchen and living locations of all households. Samplers were placed at 3. In India, the next administrative unit smaller than districts is the mandal, which in turn is subdivided into villages and further subdivided into habitations.
4. Separate enclosed indoor kitchens (Type 1) typically were well separated from the living areas and also usually better ventilated. Enclosed indoor kitchens without partitions (Type 2) typically had very little separation between the cooking area and the adjacent living area. Most importantly, since these households had only one indoor area that was used for cooking and all other indoor activities including sleeping, the potential for exposures is maximal in this configuration. Separate enclosed kitchens outside the house (Type 3) were somewhat difficult to define. While few households had definite walled kitchens outside the main living areas, on many occasions, they were semienclosed and some were connected through corridors to the rest of the house and therefore not truly outside the house. Outdoor kitchens (Type 4) typically had stoves kept in the open without any enclosures or occasionally had a thatched roof on top to protect from rain, but were open on all other sides.
kitchen locations usually at a height of 1-1.5 m within 1 m from the stove. Samplers for living area locations were placed usually in rooms/areas adjacent to the kitchen and for outdoor locations in the porch at the same height as in kitchen locations. In households where there was no separation between the kitchen and adjacent living areas, living area samples were taken at distances of 2-3 m from the stove at the same height. Whenever continuous data-logging monitors were used, they were placed adjacent to the lowvolume sampler at either the kitchen or living room locations. Respirable dusts were collected and analyzed according to NIOSH protocol 0600 (NIOSH, 1984) . This protocol is designed to capture particles with a median aerodynamic diameter of 4 mm. According to the method, samples were collected using a 10-mm nylon cyclone equipped with a 37-mm diameter poly-vinyl-chloride (PVC) (pore size 5 mm) filter at a flow rate of 1.7 l/min. Air was drawn through the cyclone preselectors using battery-operated constant-flow pumps (PCXR8 supplied by SKC Inc.). All pumps were calibrated prior to and after each sampling exercise using a field soap bubble meter. Pumps were also calibrated in the laboratory after each field exercise using a Mini Buck soap bubble meter in the laboratory. In order to conserve battery power, the pumps were programmed to cover the 22-24-h window through intermittent sampling (1 min out of every 4-6 min). In total, 10% of all samples were subjected to analysis as field blanks.
Gravimetric analyses were conducted at SRMC & RI laboratory using a Metlar 10 mg Microbalance calibrated against standards provided by the National Physical Laboratory in New Delhi. All filters were conditioned for 24 h before weighing. Respirable dust concentrations expressed in terms of mg/m 3 were calculated by dividing the blank-corrected filter mass increase by the total air volume sampled.
Continuous data-logging measurements were carried out in 10% of households using the Personal Data logging Real time Aerosol Monitor (PDRAM) (MIE Inc., Bedford, MA, USA). The PDRAM uses a nephelometric (photometric) technology to measure in the size range of 0.1-10 mm.
Household Questionnaire Administration
A short exposure questionnaire 5 was administered to each household the following day, to gather additional information on exposure determinants and record time F activity schedules. Household-level parameters collected included fuel type, fuel quantity, household ventilation, cooking duration, and other potential sources of particulates inside homes such as cigarettes, incense, and mosquito coils. Household members were asked to put out an amount of biomass fuel approximating the quantity used during the preceding day (while monitoring was going on in the same household), which was weighed on a pan balance. Kerosene was measured using a graduated cylinder and gas use was recorded as cylinders used per month.
Time activity records were obtained from household members on the basis of a 24-h recall. The information collected from the members included the time spent in various locations and the type of activity they were involved in, in that particular location. A total of 10% of the households were assessed for the time activity recall bias by administrating the questionnaire twice during the project period. There was no significant difference between the two time activity recalls (w 2 test).
Methodology for Exposure Reconstruction
PDRAM records were used to determine the relative ratios of 24-h concentrations (determined gravimetrically) to concentrations during cooking and noncooking windows. Although the size fractions monitored by the PDRAM (o10 mm) and the cyclones (50% cut-off F 4 mm) are somewhat different as are the analytical techniques, it was assumed that the ratios would be stable over time in the households. Thus, 24-h average concentrations for each location were split into concentrations during cooking for each of the three locations, viz., kitchen, indoors, and outdoors were split into concentrations over cooking and noncooking windows. Time activity records had information not only where an individual was present but also when it was also possible to split the total times at each location into times spent at the location during cooking/noncooking windows. Exposures were thus reconstructed on a case-by-case basis taking into account individual time budgets in various microenvironments using a modification of the approaches of earlier studies (Duan et al., 1989) according to the following formula.
where K1a is the average concentration in the kitchen during cooking periods, T1a the total time spent in the kitchen during cooking periods, K1b the average concentration in the kitchen during noncooking periods, T1b the total time spent in the kitchen during noncooking periods, L1a the average concentration in the living area during cooking periods, T2a the total time spent in the living area during cooking periods, L1b the average concentration in the living area during noncooking periods, T2b the total time spent in the living 5. The exposure questionnaire was written in English, but administered in the local language by the study team. It was validated by independent repeat administration on consecutive days in approximately 10% of the households. Also in 10% of households, duplicate measurements were taken on consecutive days and the levels were not significantly different (paired t-test). The field supervisors crosschecked all field forms after each day of monitoring activity to ensure that the forms were completely filled out by the field assistants. Two independent data entry operators verified computer data entry in the laboratory prior to analyses using the SPSS package (Version 10.0).
area during noncooking periods, O1 the 24-h average concentration outdoors, T3 the total time spent outdoors, and T1a þ T1b þ T2a þ T2b þ T3 ¼ 24.
Results
General Characteristics of Study Households
Although this was a purposive sample of households not designed to establish the prevalence of fuel or stove use in the study districts, questions on fuel use pattern revealed that majority of the households used wood for cooking (81%) followed by dung (6%) and clean fuels (i. e. biogas, LPG, and kerosene F 12%). Biomass was almost always burnt in traditional stoves. Less than 1% of households selected reported having improved stoves and did not use them while monitoring was performed. Many households also seemed to be using more than one type of stove and fuel. This was usually the case in households with access to clean fuels, particularly kerosene, who often reported switching frequently to biomass fuel use. Households also reported switching the location of the stove depending on the weather and their convenience. dung, 11 kerosene, and 34 gas (LPG/Biogas) households were monitored. The distributions of 24-h average concentrations in the kitchen and living locations across fuel types are shown in Figure 2 . One-way ANOVA analysis (shown in Table 1 ) of kitchen and living area concentrations across fuel categories shows that the levels at both locations are significantly different across fuel types (Po0.01). The use of dung resulted in the highest concentrations, followed in order by wood, kerosene, and gas. The kitchen and living area concentrations in kerosene households, although much lower than in solid fuel-using households, were more than twice the level found in gas households (Table 1 ). The outdoor concentrations were not significantly different across fuel types. Kitchen type: Kitchen configuration was an important determinant of kitchen and living-area concentrations in solid-fuel but not kerosene-/gas-using households. Among solid fuel users, kitchen concentrations were significantly higher in enclosed indoor kitchens as compared to outdoor kitchens (Po0.01), but not significantly different between enclosed indoor kitchen types (Table 2, Figure 3 ). This is not F-statistic significant at Po0.01 across all fuel types at both locations. GM F geometric mean; SEM F standard error of mean; NM -not monitored.
24-h Average
6. Most measurements actually lasted somewhat less than 24 h, although never less than 22 h. For consistency and convenience, however, we report them here as ''24-h'' measurements.
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surprising as kitchen dimensions were similar across enclosed kitchens and since kitchen measurements were always taken close to the stove, dispersion of emissions plays very little role in influencing kitchen concentrations. Since, in general, dispersion is much higher outdoors, outdoor kitchens resulted in lower concentrations close to the stove.
Living area concentrations were also significantly higher in indoor-enclosed kitchens as compared to outdoor kitchens. In addition, among enclosed indoor kitchens, those without partitions from the living area had higher living area concentrations as compared to those partitioned from the living area (Table 2, Figure 4 ). This could be due to greater contributions from dispersion to living area concentrations. Interestingly, living area concentrations were comparable between households cooking outdoors and separate enclosed kitchens outside the house. This presumably is a result of putting the stoves right in front of the house while cooking outdoors. The resulting outdoor dispersion may lower kitchen-area concentrations, and also increase adjacent living area concentrations. This may have important implications for exposures, as the reduction in exposures may not be substantial for household subgroups who spend time indoors, even though cooking outdoors.
The outdoor levels (Tables 1 and 2) were not significantly different across fuel/kitchen types.
Correlation Between Kitchen/Living Area Concentrations and Other Exposure Determinants (Kitchen Volume/Fuel Quantity/Cooking Duration/Windows): Living area concentrations were significantly correlated (although the strength of association was small) with kitchen area concentrations for all kitchen types among solid fuel users, although the correlation was stronger for indoor kitchens (r ¼ 0.5 and 0.24; Po0.05 for indoor and outdoor kitchens, respectively).
Correlation analysis showed that both kitchen and living area concentrations were significantly correlated (Pearson's correlation significant at Po0.05) with fuel quantity among solid fuel users. In addition, the living area but not the kitchen concentrations were significantly negatively correlated with the number of windows and the number of rooms. This could be explained by living room concentrations being influenced more by dispersion through windows or to other rooms as opposed to kitchen concentrations as most of the windows in the house were outside the kitchen. Neither kitchen nor living area concentrations were correlated with kitchen volume. This may be due to inaccuracies in measuring kitchen volume (rooms were measured with a measuring tape but often room shapes were irregular), homogeneity in kitchen dimensions in our sample, and/or the much greater importance of other parameters. Concentrations were also not correlated with the number of people being cooked for; total cooking duration; use of kerosene lamps, incense, or mosquito coils; or tobacco smoking in the house, again presumably due to homogeneities in the sample.
Time Activity Data
The mean time spent by various subgroups of household members at each of the microenvironments during cooking and noncooking windows are summarized in Table 3 . As shown, women cooks spend the largest amount of time in the kitchen while cooking and therefore kitchen area concentrations while cooking are an important contributor to cook's exposures. Among noncooks, women between the ages of 16 and 60 years spend the largest amount of time in the kitchen during cooking periods, which indicates the potential for high exposures for this subgroup as well. Other noncook subgroups spend most of their time during cooking periods in the living areas. Living area concentrations are therefore a very important determinant of exposures for noncooks.
Daily Average Exposures
Exposure Across Fuel Types: Exposures of members across households using various fuels show that exposures are significantly different across fuel categories ( Figure 5 ). This parallels the trends in concentrations, wherein both kitchen and living concentrations were significantly different across fuel types. Dung produced the highest exposure concentrations followed by wood, kerosene, and gas in that order. This suggests that average household exposures are reflected well by average concentrations.
Exposures
Across Subcategories of Household Members: Figure 6 and Table 4 show the distribution of exposures across household subgroups in solid fuel-using households. Household members were subdivided as cooks and noncooks and then classified into eight subgroups on the basis of sex and age. The mean 24-h average exposure concentrations ranged from 80 mg/m 3 (GM ¼ 75 mg/m 3 ) to 467 mg/m 3 (GM ¼ 293 mg/m 3 ) in gas and solid fuel-using households, respectively. Among solid fuel users, the mean 24-h average exposure concentrations were the highest for women cooks and were significantly different from exposures for men and children. Exposures of subcategories were not significantly different from each other among clean fuel users. Among solid fuel users, cooks (90% of the cooks in the sample were women between the ages of 16 and 60 years) experience the highest exposures and are significantly different from all other categories of noncooks. Among noncooks, women in the age groups of 61-80 years experience the highest exposures followed by women in the age group of 16-60 years, while men in the age groups of 16-60 years experience the lowest exposures. This is presumably because older women are most likely to remain indoors and younger women (16-60 years) are most likely to be involved in assisting the cooks, while men in the age group of 16-60 years are most likely to have outdoor jobs that may lower their exposures. Men in the age group of 60-80 years also experience higher exposures as compared to men between 16 and 60 years perhaps also owing to a greater likelihood of remaining indoors. Some female children in the age group of 6-15 years reported involvement in cooking and their exposures were, as expected, much higher than other children. Exposures for children not involved in cooking were still higher than men and there were no significant differences between the sexes.
Exposures for Various Subcategories of Household Members Across Kitchen Types (for Solid Fuel
Users) The exposures of cooks were not significantly different across enclosed kitchen types (in agreement with the results of kitchen concentrations that show little variation across enclosed kitchens, but are higher than outdoor kitchens). Since living area concentrations differ considerably across kitchen types, among solid fuel users, it could be expected that exposures of other subcategories of household members may also be different across kitchen types. All subcategories of population had the highest exposures in enclosed indoor kitchens without partitions (in agreement with concentrations in the living area being the highest in these kitchens). Distributions of exposures across kitchen types are shown in Figure 7 and Table 5 .
Kitchen concentrations contributed most to the cooks' exposures, while living area concentrations contributed the most to the exposures of noncooks. The relative contribution of each microenvironment to the daily average exposure concentration is shown in Table 4 . Also, 24-h average exposure concentrations for cooks were significantly correlated with 24-h average kitchen area concentrations (r 2 ¼ 0.77), while 24-h average exposure concentrations for noncooks were significantly correlated with 24-h average living area concentrations (r 2 ¼ 0.69). Kitchen concentrations thus seem to reflect cooks' exposures and living concentrations reflect exposures of all others. 
Discussion and conclusions
This study provides quantitative measurements of 24-h concentrations and exposures to respirable particulate matter for a wide cross-section of rural homes in southern India, using a variety of household fuels and under typical exposure conditions. Although the study design did not permit addressing temporal (intrahousehold) variations in each household, given the large sample size and the limited variability in weather conditions in this study zone, interhousehold differences are likely to contribute the most to the concentration and exposure profiles, and the results of this study are likely to be useful as representing the indoor air pollution profile for the rural households of Andhra Pradesh.
It is prudent, however, to exercise caution in extrapolations made from this study, since its findings are based on a sample from only three districts of a single agroclimatic zone of one state in southern India, while sociocultural, housing, and climatic conditions are known to be quite different across different parts of the country. Further, the monitoring was carried out only in the summer months, which may not be reflective of the time activity pattern of household members or of the nature of biomass fuel used during other seasons. This study confirms and expands upon what is available from studies in other parts of the world, that is, that traditional use of biomass fuels exposes all members of the family on a daily basis to levels of air pollution that well exceed available health guidelines for outdoor air quality. More importantly, the study shows that this holds true even in a warm climate such as that of southern India, where no space heating is required and these fuels are used only for cooking. Even when cooking is done outside the house F in a separate kitchen or in the open air, a common practice of poor rural households F the resulting indoor levels of RSPM and exposure of all family members greatly exceed health guidelines for ambient air.
Through a combination of monitoring and exposurereconstruction techniques, this study highlights the important gender and age dimensions of the IAP problem. Women, in their traditional capacity as cooks, suffer from much greater average daily exposures than other family members, and adult men experience the least exposure. Among noncooks, those who are most vulnerable to the health risks of IAP, such as young children, tend to experience higher levels of exposure because they spend more time indoors. This finding lends support to the results of other studies in India and elsewhere that link household fuel use with higher infant and child mortality rates. Therefore, IAP punishes young children twice F by making them ill and making their mothers ill, which reduces the mother's ability to take care of children.
Health benefits from interventions take a much longer timeframe (often several tens of years) to establish, and region-specific quantitative exposure information is thus useful for developing metrics to assess the potential of various interventions to reduce exposure to indoor air pollution. The findings of the study provide a strong basis for formulating effective interventions by, for example, strengthening the evidence that cooking with cleaner fuels (LPG) reduces exposure substantially, and makes it equally low for all household members, including women cooks. At the same time, a study finding that indoor concentrations are well correlated with the quantity of solid fuel used indicates that the adoption of cleaner fuels will lead to a tangible reduction in exposure only if these fuels are used for a substantial portion of cooking needs and biomass consumption is reduced considerably. In the reality of rural life, however, complete or substantial switching to cleaner fuels is rare, and people continue to rely on biomass fuels. Improving awareness coupled with improved access could move this segment of population with partial access into the lowexposure category by increasing the use of available clean fuels.
The results of the quantitative assessment have also provided additional evidence of the importance of interventions other than fuel switching. Ventilation and behavioral initiatives may offer a potential for substantial exposure reduction, and given that these are likely to be the short-term alternatives for a great majority of the rural population, the results could be used to aid the design of such efforts. Unfortunately, in the area of AP, where this study took place, there were few improved stoves with chimneys still in use, although there had been stove dissemination programs in the area in the past and some households reported having previously. Thus, it was not possible to characterize the potential concentration/exposure improvements that might accompany such devices and to see how concentrations/ exposures vary in relation to other important parameters, such as fuel and kitchen types. Since improved stoves seem to offer one of the best near-term options for reducing the human health impacts of household solid fuel use, it would be important to focus on this issue in future studies in India.
Indoor air pollution associated with household fuels in developing countries is deeply embedded in a matrix of environmental, energy, health, and economic considerations. An in-depth understanding of the potential for health risks as Significantly different as compared to noncooks in other types of enclosed kitchens.
Particulate exposures in rural homes of AP, Indiareflected in exposures is crucial for ensuring that the most vulnerable poor communities among us are not required to endure years of suffering, before development can catch up with them. It is hoped that the study findings have served to generate large-scale baseline information and that integration of estimates generated in this study with others in the region will facilitate the creation of a regional database and aid in establishing priorities for interventions. 
